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(54) SOLID-STATE IMAGE SENSOR 
(57)Abstract: 

PURPOSE: To lessen a solid-state image sensor in smear caused by 



light rays incident on a charge transfer element by a method wherein a 
low reflective film specified in reflectivity is provided to the lower part 
of a metal film provided above a charge transfer element to serve as 
an optical shielding film. 

CONSTITUTION: A low reflective film 10 is provided to the lower part 
of an aluminum evaporated film provided above a charge transfer 
element formed of a polysilicon electrode 3 to prevent light rays for 
photographing from being directly incident on the charge transfer 
element The reflectivity of the low reflective film concerned is limited 
to 40% or below to a visible light ray. 
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SOLID STATE IMAGE PICKUP DEVICE 



(54) [Title of Invention] Solid State Image Pickup Device 
Claim 

In a solid-state image pickup device where a plurality of photoelectric conversion 
elements and charge transfer elements are integrated on the main surface of a 
semiconductor substrate, a solid-state image pickup device characterized in that a low 
reflectance film with a reflectance of 40% at most is affixed underneath the metal film 
that acts as the optical shielding film provided on top of said charge transfer elements. 

[Detailed Explanation of Invention] 

[Field of Application in Industry] 

This invention pertains to solid-state image-pickup devices for image pickup in 
television. 

[Prior Art] 

MOS-type image pickup device, CCD-type image pickup device, and others have 
been developed as solid-state image pickup devices and their utilization has begun. In 
these solid-state image pickup devices the following Prior Art technology is used. 

Solid-state image pickup devices are a group of elements that convert multiple 
optical data that are input in parallel into electric signals by means of photoelectric 
conversion and, after accumulating these signals for a certain time, successively output 
them. Therefore, solid image pickup devices are composed of photoelectric conversion 
elements, charge transfer elements, and output circuits as their smallest components. 

Below we will provide explanation, referring to Figures, about the parts that this 
invention concerns, that is photoelectric conversion elements and charge transfer 
elements. Fig. 2 shows a vertical cross-section of the CCD-type solid-state image pickup 
device of Prior Art. 1 is a P-well provided on the semiconductor substrate, dispersion 
layers (dispersion layer 7 of the photodiode, N-type dispersion layer 8 of the charge 
transfer element, and P+ type dispersion layer 9 of the channel stopper) required for 
operation as a solid-state image pickup device are formed. 2 is a Si0 2 interlayer film; it 
is formed as an insulating film and exhibits good permeability characteristics to visible 
light. 3 is a polysilicon electrode, configured with N-type dispersion layer 8 and a charge 
transfer element underneath it. 4 is an optical shielding film consisting of aluminum 
vapor-vapor-deposited film and shielding off the light that is directly incident on said 
charge transfer element from the top of the image pickup element. 



[Problems to be Solved by the Invention] 

In said Prior Art design wherein an optical shielding film is formed by aluminum 
vapor-deposition on an image pickup device, the light that is directly incident from the 
top of the charge transfer element (directly incident light) is almost completely damped 
inside the vapor-deposited film due to aluminum's high absorption coefficient, therefore 
although it is not the cause of smears, but there is the drawback of deteriorating smear 
characteristics with respect to the light incident on the charge transfer element (indirectly 
incident light) which is reflected by the surface of the photoelectric conversion element, 
as shown in Fig. 2, and the reflection is repeated between the aluminum vapor-deposited 
film and the Si substrate because the aluminum vapor-deposited film has a reflectance of 
more than 90% of visible light, therefore the damping by reflection is small and an 
appropriate amount of light leaks to the charge transfer element. 

The purpose of this invention is to eliminate such drawbacks and offer a solid- 
state image pickup device with excellent smear characteristics. 

[Means of Solving the Problems] 

In a solid-state image-pickup device wherein a plurality of photoelectric 
conversion elements and charge transfer elements are integrated on top of the main 
surface of a semiconductor substrate, in this invention, underneath the metal film is 
provided a low reflectance film with a reflectance of 40% at most that acts as the optical 
shielding film provided on top of said charge transfer elements. 

[Embodiment] 

In the following, we will explain this invention with reference to Figures. 

Fig. 1 is vertical cross-section of this invention. 1 is the P-well provided on the 
semiconductor substrate, and a dispersion layer is formed that is required for a solid-state 
image pickup device; 2 is the Si0 2 interlayer film. 3 is a polysilicon electrode, and this 
polysilicon electrode becomes a charge transfer electrode. 4 is an aluminum vapor- 
deposited film, and it blocks the image pickup light that is directly incident from the top 
of the charge transfer elements formed by the polysilicon electrodes 3 etc. 10 is a low 
reflectance film. During image pickup, part of the light incident on the photoelectric 
conversion element (7) from the opening of the optical shielding film is reflected at the 
interface of the SiC>2 interlayer film with P-well, and the reflected light is again reflected 
by the bottom surface of the aluminum vapor-deposited film or these reflections recur a 
number of times, whereby a part of said incident light is prevented from falling on the 
charge conversion elements formed by polysilicon elements 3. That is, in this low 
reflectance film, reflectance with regard to visible light (wavelengths 400 nm~700 nm) is 
inhibited to less than 40% and the incident light is sufficiently damped by means of a 
single or multiple reflections. The method by which this low reflectance film is formed is 
as follows. For example, if tungsten silicide is used, then in a pre-process whereby 
aluminum is vapor-deposited, tungsten silicide is sputtered to a thickness of about 200 
nm and an aluminum film that is about 1 /xm thick is vapor-deposited on top of it. Then a 
resist pattern is formed in a process of photolithography, whereupon, using this resist 
pattern as the mask pattern, the aluminum film is etched concurrently with the tungsten 
silicide film with a dry-etching device, for example, one manufactured by the Nichiden 



Aneruba Company. Since this technique does not increase the number of times the 
photolithography process is performed, this is beneficial for the output and cost. Of 
course, it is also possible to utilize the method whereby the components of the dry 
etching gas are transformed along the way. 

The reflectance of the low reflectance film thus formed with respect to visible 
light is less than 40%, and at the wavelength average, 28%, and when smear 
characteristics were evaluated in a CCD-type image pickup device that utilizes such low 
reflectance film, an approximately 44% reduction was confirmed. 

The same effect can be achieved when about 300 nm titanium nitride films, or 
about 100 nm tungsten films, or other metals or nitrides thereof are used as the low 
reflectance films. Furthermore, not only a single-layer film but also a multilayer 
reflection blocking film can be used. Of course, the materials that can be used for optical 
shielding films can include, apart from said aluminum, Cu-containing aluminum, silicon- 
containing aluminum, gold, platinum, and other metal materials. It is also possible, 
without any impediments from the design related in this invention, to provide a 
reflection-blocking design on top of the optical shielding film. 

[Effect of this invention] 

As explained above, in the solid-state image pickup device of this invention 
underneath the optical shielding film is provided a low-reflectance film with visible light 
permeability of 40% at most. Therefore the effect is that it is possible to reduce the smear 
generated by the light incident on the charge transfer elements after it was reflected by 
the surface of the photoelectric conversion elements and repeatedly reflected between the 
optical shielding film and the semiconductor substrate. 

Brief Explanation of Figures 

1 - P-well (semiconductor substrate), 2 - Si02 interlayer film, 3 - polysilicon electrode, 4 
- aluminum vapor-deposited film, 5 - incident light, 6 - cover film, 7, 8 - N-type 
dispersion layers, 8 - P+-type dispersion layer, 10 - low reflectance film. 

Agent: Attorney Susumu Uchihara 
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